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PREPARATION OF THIS REPORT 


The report describes the construction in Thailand of a prototype 16 metre ferro- 
cement fishing boat by the Fisheries Department of Thailand under the supervision of 
an FAO Boatbuilder within the framework of PAO/UNDP Technical Assistance for fishing 


boat development. 
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fishing boat 
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vessels. Design = technical details. 
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4. INTRODUCTION 


| With the increasing cost of wood in most countries in which ferro-cement is used 
for fishing boat construction and the large amount of skilled handwork required in the 
construction of a wooden fishing boat, FAO has for some time been interested in the 
possibility of other methods of building strong and economical fishing boats while 
using the minimum of skilled labour. The potential of farro-cement (F/C) for fishing 
boats has not been very widely appreciated and it was decided that further investigation 
into the method should be mado. 


I 





During a period of home leave the author was able to investigate amateur and 
commercial F/C vessels built in New Zealand, one of the first countries where this 
material was developed from the initial experiments of Professor Nervi, Italy. On 
return to Thailand, where the author was stationed as FAO/TA Boatbuilding Superintendent, 
a study of all the available publications on the subject was made and with the 
information gained a report on F/C construction was written. Thus "Ferro-Cement 
Construction for Fishing Vessels" Fyson (1968) was published by "Fishing News 
International" in three issues, April - June 1968. 


This report emphasized the low capital investment needed to set up a boatyard, 
the ready availability in most countries of the necessary materials and the high 
proportion of unskilled labour which could be used for this type of construction. As 
these factors correspond very closely to the basic requirements needed to set up a 
boatbuilding industry in a developing country - particularly one with no tradition of 
wooden boatbuilding, it was decided to carry the investigation further by building a 
fishing boat which could be subjected to extensive trials in the normal fishing | 
operations. 


The Fisheries Department of Thailand, seeing the possibilities of the material 
in a country where wood was increasing quite rapidly in price, provided the means to 
build a small vessel at the Rayong Marine Fisheries Station on the eastern coast of 
the Gulf of Thailand. Cost of materials was to be provided from the budget and the 
labour from the staff of the fisheriss station. Initial cost estimates indicated that 
the maximum size of vessel which could be built in the station within the limits of tha 
budget was a vessel of 16 m (52'6") LOA. 


A project request was submitted to the Freedom From Hunger Campaign for the 
provision of a marine engine and associated equipment, and due to the experimental 
nature of the project and the possibilities of demonstrating the use of this material 
for fishing vessel construction, the FFHC obtained the donation of an engins from the 
Caterpillar Tractor Company of Illinois, USA, who very generously provided a complete 
D330C marine engine and ancillary equipment for the use of the project. 


2o DESIGN 


It was decided after consultation with the officials of the Fisheries Dapartment 
that the vessel to be built would be based at the Rayong Marine Fisheries Station and 
used as a research and exploration vessel with a radius of operation of about 300 miles. 
The principal fishing method would be stern trawling with the possibility of converting 
to purse seining and gill netting. The crew requirament would be kept to a minimum 
sufficient to operate the boat and handle a stern trawl of 43.00 m (141 ft) total 
length, with a headrope length of 28.6 m (88 ft) and footrope 34.14 m (112 ft). 
Accomnodation would be provided for a totul of six persons; crew plus, on occasion, a 
biologist and a gear technologist. As much as possible of the accommodation would be 
above main deck level. | 











Due to the rostricted deoth of water at the launching site and the need to 
bring tho vesgel inte an artificial busin with a mean high water level of 1-75 a 
(5°9") the design draft had to be kept to a maximum of 1.65 m (5°5"), 


* * | 2 
Tho fish hold capacity was to be about 20 m’ and a good sized gear store was 
a@lao included at the expense of increased fish nold capacity, as the vessel was not 
intended to make commercial catohea of fish. 


for a gmall fishing veseol to be operated by @ minimum crew, 1% was considered 
necessary +o have visual and/or direet voice contact between the steering position 
and the winch and for the helmsman at the wheel to be able to see the angle of lead 
of the varos without having to step ouveide the wheel house. With these consideratic mw 
in mind tegetber with the need to site most of the accommodation above the main deck 
for coolness in tropical conditions, the layout show in Fig. 1 was adopted. With 
the wineh offset and the connecting doors open, the helmsmen at the wheel has both 
visual and voice contact with tho winch man and can see the lead of warp through tho 
Window on the starboard side of the after cabin bulkhead. 


fo cut down manpower needed in bauling the net, a trawl drum ie located on the 
port side aft. Financial considerations eliminated the poasibility of using a 
hydraulic drive for this drum so that the winch and drum ate positioned to allow a 
reps drive which is considerad adequate for the size of trawl to be used. A stern 
roller was fitted as an additional eid in bringing in the net. 


Principal dimengiona were finalized ass 


Length over all (LOA) 16.00 a (52°6") 
Length design waterline (DWL) 14.50 m (A7*7 3/4") 
Beam (maximum) 4.54 a (14110 3/4") 
Boam (uaterline) Ao42 m (14'6") 
Depth 2.25 a (7°94 3/4") 
Po ceeie ve daniine chen) 34.5 m? (1,218 tt) 


The lines were drawn with well vediuged bilge curves, and flat sections wers 
avoided ag much as possible in order to facilitate construction, and to take advantage 
of the greater load bearing capacity of curved thin shells. Platter sestions in the 
Porebedy were reinforced with additional rods. 


&t the time the design of this vessel was undertaken, very little werk had boon 
published on the testing and strength characteristics of F/C. However it was obvious, 
from Nervi's original published work (Il ferro-cementes sue caratteristiche oe 
posalbilita ~ LiIngegneare 1951 Ni), and following on from this,.a series of exporimants 
designed to produce values for mechanical properties of K/C by L.D. Collen, (Soma 
experiments in design and construction with R/C ~ Inetitution of Civil Engineers of 
Yreland, Jan. 1960), that the most important single factor in producing a P/C shell 
of sufficient strength end flexibility for use in boat building was the steel content 
per unit weight of P/C. | 


On the basis of information available in these two papers & steel content of 
480 kg/m? (30 los/ft?) was chosen: this steel content to be of a number of layers of 
wire megh and ateel rods of approximately 6 mm (1/4") in diameter. 


In order for tho experiment to have a more immediate impact on the local 
fishing industry it wes considered important to use, as far as possible, locaily 
produced material, or those readily available on-the local market. Investigation 
revealed that the only mesh types available were a hexagonal galvanized mosh of 
various gauges as wall as small quantities of a galvanised welded square mesh. 
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Various grades of reinforcing rod such age is used in building construction were 
available but quality and strength characteriatica varied widely from sample to sample, 
One of the better rode available in this class was a 6 mm wire rod produced Logally ¢o 
Japanese Standard Specification S541. ‘This sieal gave, on teat, a tensile sixrength of 
9.8 kg/mm? (14,000 pai). An imported hard drawn steel wire of 6 am (1/4") diameter 
Wag also available but only in short lengths and this, on test, gave a lower tensile 
strength of 8.9 kg/mme (412,600 psi). Although hard drawn or high tensile ateal rods 
ara more guitable from the point of view of Less distortion and better fairing, both . 
the lower tensile strength and the short Lengths, necessitating considerably more 
lapping of reds in the construction, excluded the imported hard drawn rod, . 

The choice of the 5544 6 mm (1/4") rod was largely dictated by Local BUuPpplies, and 
should high tenasile, prestressing steel in the required diameters become roadily 
available then this would be a better choice in the future, 


, Spacing of the steel rods in the F/C shell was decided on the baaix of the 
need to achieve, in combination with the meah layers, a total ateoel content of not 
less than 480 kg/m3 (30 los/ft3) as well as a concentration of additional steel in 
areas oF high setrass. 


A number of the pleasure craft built in R/C, of which published accounts ware 
available, used a single layer of 6 mm (1/4") steel rod placed longitudinally a% 
50-75 mm (2"~3")} spacing. This was felt to be unsuitable for two reasons. Firstly, 
@& rapid calculation showed that unless an excessive number of layers of heavy gauge 
mesh were used in conjuetion with this rod there would be insufficient ateel in the 
mortar to achieve the required 480 kg/n 5 (30 lb/ft) of reinforcement, Secondly, if 
only longitudinal rods were used then the mortar and wire mesh would be required to 
resist the vertical stresses caused by the motion of the veasel in waves. Concrote 
or mortar alone being weak in tansion and the provosed number of layers of mesh not 
having sufficient strength in themselves to resist initial distortion, it wae falt 
that such a disposition of rods was inadequate to prevent the risk of cracking with 
consequent corrosion problems. Consequently, a framework of longitudinal prods at 
75 mm (3") centres joined by vertical reds at 100 mm (4") centres was chosen as tho 
basic rod structure. 


Three or four layers of mesh on each side of the rod framework wae considered to 
be the most suitable configuration, and calculation of the weights of various samples 
of Locally available mesh indicated thet 4 layers per side of a 19 gauge 15 mm (5/8") 
galvanized, hexagonal mesh would provide the necessary steel content. Unfortunately 
there was no 12 mm (1/2") hexagonal mesh of a suitable gauge available at that time. 
and supplies of 12 mm (1/2") 19 gauge welded mosh were too limited to permit , 
conatruction of the completed hull and deok in this material. Tt was therefors 
decided to use the hexagonal mesh for the compound curvaturs of the hull and retain 
the welded mesh for incorporation in the flatter surfaces of deck and oulkheads. 


| In order to have suiteble data on which to base strength and weight 
calculations, it was decided at this stago to carry out a series of tests on panels 
of F/C made up using locally available materials. In this part of the work valuable 
assistance was given by the Applied Scientific Research Corporation of Thailand, who 
undertook to carry out a research project in cooperation with tho Department of 
Fisheries to provide the necessary dasign infermation. Rosults of this projeot are 
provided in Research Project No. 21/14 Ferro-cement ASRCT Bangkok, 1969. 


Tus time factor, and also a Limited budget, prevented an exhavative teas 
programme, and investigation was Limited to the testing of a range of mortar aixes 
incorperating various additives and using the two grades of mesh available on the 
framework of rode already selected. The cement used for the tests wes @ loanlly 
produced modified Portland Coment, type Ii, which possesses resistance to sulphate 
attack. <A naturel fine river sand from the ereveu of construction was selected. ‘Tie 





sand was composed of particle sizes ranging from 3 am (1/8") to 0.074 mm (1/320") with 

a grading curve runging from 100% passing ASTM sieve number 8, to 5% passing ASTM aleve 
number 700. The use of a pozzolan to improve the sulphate resistant qualities of the 
cement mortar was considered, however no dlatamaceous earth or similar natural pogzolan 
Was avellable and the industrial fly ash which was procurable proved to have too high 

a sulphur content, with consequent injurious results on setting times and strength 
properties of the mortar. It was considered that the modified type II Portland cement 
was sufficiently sulphate resiatunt for the purpose, although a type V Portland cement, 
if available, would provide additional resistance against sulphate attack. 


As cement/sand ratios, and eapecially water/cement ratios have » considerable 
influence on the properties of the mortar, a range of cemant/sand ratios was tested 
and mixtures with commercial additives, designed to reduces the water content without 
losing workability, were added. Complete results of tests are available in the report 
referred to above, and it is sufficient here to indicate that the most suitable mixture 
when judged both for economic advantage and sufficient strength, proved to be a mixture 
with the following components: 


Sand/cenent 137584 

Water/cement 0.36 

jommercial plasticizing additive 3 
Lignosulphonate based 7 om?/kg of cement. 


A test panel compoged of longitudinal 6 mm rods at 75 mm (3") centres, and 
transverse rods at 100 mm (4) centres with four layers of 19 gauge galvanised 
hexagonal mesh on either side have, with a mortar cover of 3 mm (1/8"), an average 
thickness of 25 mm (i"), with an average weight of 54 kg/me (14 Lbs /ft }. Yield load 
was 559 ke (1254 1b), modules of rupture 208 kg/eme (3014 1b/in@) and modules of 
elasticity at initial tangent 0.172 x 10 kg/mm (2.48 x 10 lb/in®). 


3. GONSTRUCTION 


3.1 Lofting 


Lofting of the hull to full size was carried out in the usual way. In this 
case the profile, waterlines and buttocks were faired on a concrete Ploor using weights 
to hold the battens in place, while the sections were lofted on an area of portable 
wooden flooring as seen in Fig. 1. By making the lofting of the sections portable, it 
was possible to readily compare dimensions taken from the profile and waterlines with 
those cf the sections and, when the lofting was completed, move the wooden flooring to 
@ convenient position for the bending of pipe frames. 


302 Bending of keel, stem and pipe frames 


The atem and keel profile were formad from 14/2 ID water pipe, bent to shape, 
and then compared with the loft drawing to ensure accuracy. To aid in setting up, 
each station position was clearly marked on the keel and appropriate waterlines marked 
on the stem. 


Pipe frames, fabricated from 18 mm (3/4") internal diameter (ID) water pipe, 
were bent to shape by hand around wooden blocks fastened temporarily to the left 
floor. If available a pipe bender would be a useful time saver at this stage of 
construction. Fig. 2 showa a completed pipe frama, with its deck beam already bent 
to the correct camber and welded in place, being checked against the loft lines. 
Positions of waterlines are then marked on each frame to assist in setting up. 
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Checking the shape of the pipe frames by comparing with the 


drawing. 


Fig. 2 





3.3 setting up 


The first stage in setting up was the fastening of keel and stem in place on 
temporary blocks at the correct rake, vorified against a cord drawn tight at a height 
representing the design waterline, pee Fig. 3. = 


The stem was. then fastened to the roof beams by offcuts of pipe welded in place 
to act as braces, while the keel itself was supported by additional sections of pipe, 
welded to the keel at every station. These vertical pipes served as reference points - 
for the positioning of alternate frames (frames being placed at every 1/2 station. 
i.@. at a spacing of (25 mm (28 #")) and also as hanging supports for the complete 
framework when setting up was completed, and the temporary keel blocking removed. 
Details of the fastening of these vertical supports to the keel are- shown in 
Figs. 5 and 9. | | | 


With the keel and stem braced in place and all the vertical support pipes in 
position, the individual frames were placed on the keel at the correct spacing, checked 
with a plumb-bob both for vertical position and to ensure that the plane of the frame 
was exactly at 90 degrees to the keel centreline, before being welded in position. 
Extreme care was necessary at this stage to ensure accurate setting up as otherwise 
unexpected distortions in the hull shape would have appeared after plastering. Unlike 
@ wooden vessel, frames cannot of course be trimmed to shape to eliminate minor 
irregularities before planking. Figs. 4 and 5 show the process of setting up frames 
from the stermpost forward —- note the increased radius given in the region of the 
sterntube. Fig. 6 shows a frame near the bow where the two pipe ends forming the 
frame have just been welded to the keel pipe while the vertical support pipe can be 
seen forward of the frame. | 


When the frames. are in position and welded to the keel and the centre line 
(c/L) of the deck beam welded to thea vertical support piping where appropriate, 
additional supports designed to help take the weight of the mortar during the plaster~ 
ing operation are welded from the top of the bulwark piping to the roof supports above. 
This is shown in Fig. 7. To avoid sagging of the pipe frames at the turn of the bilge, 
cross braces as shown in Fig. 8 were welded at alternate frames from the turn of the 
bilge back to the vertical support pipes where these are welded to the deck beams. 


Fig. 9 shows a general view of the joining of frames to the keel pipe looking 
forward. Note that a cross bar was welded between the two arms of the frame in such 
a way that this pipe would rest on top of the keel pipe when the frame was set up in 
its correct position. A flat bar of 25 x 6 mm (1" x 1/4") steel was then welded under 
the two arms of the frame to provide a landing for the longitudinal rods which form 
the reinforcing of the keel bottom. | 


With all the pipe frames up and braced into position the lines of the hull 
begin to take shape. A view of the hull at this stage is seen in Fig. 10. 


3.4 Placing of reinforcing rods 


With pipe frames in position the placing of the longitudinal reinforcing rods 
was begun. The sheer line had been marked on the pipe frames during the lofting and 
a 6 mm (4/4") rod was now bent around both sides of the hull at this point, the line 
faired by eye and the rod tied into position with 18 gauge soft iron tie wire. ¥Wach 
pipe frame was then marked at 75 mm (3") intervals to five correct spacings for the 
longitudinal rods. These rods were then bent around the pipe frames and tied in place. 
Pig. 11 shows this work in progress and Fig. 12 shows a close up of rods tied to a 
pipe frame. Note that one of the rods is tied with a simple cross tie, which proved 
to be less satisfuctory than the double ties used on the other rods and this latter 
method wag adopted both for tying the rods to the frames and later for tying vertical 
rods to longitudinals. 
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Also seen in this detail are the ends of lapped rods. When two rods had to be 
joined they were lapped for a minimum length of 250 mm C10"), 1.¢. 40 diametera and a 
Minimum of three ties were used in this length. At the stem the rods were bent around 
and welded to the stem pipe as seen in Fig. 13, while at the transom thoy were hooked 
around and welded to the transom frame. 


Fig. 13 shows the completion of the longitudinal rods and the beginning of the 
tying in of the vertical rods in the first three frame bays. In Fig. 14 vertical rods. 
are being bent around under the keel pipe and will then be lapped with other rods which 
complete the circuit of the hull by each vertical rod. A close up of a section of the 
keel after the horizontal and vertical rods were in place.is seen in Fig. 15, 


After the completion of this stage, extra longitudinal rods were laid so that 
the rod spacing on the keel bottom was 40 mm (1 %") instead of the 75 mm (3") spacing 
used elsewhere. in areas of extra stress, such as in the region of bow and sternpost, 
additional vertical rods were also tied in to provide extra strength in these areas. 


| Figs 16 and 17 show details of sternpost and "horntimber", the latter being 
another séction of 40 mm (i #") ID pipe braced into place and welded to the correct 
angle with the sternpost. Note the extra radius in the pipe frame at the stern which 
ig to accommodate tha stern tube and still leave sufficient thickness of solid concrete 
inside the mesh to provide a suitable rigid sternpost. The wooden batten shown in 
Fig. 16 gives the line of the stern tube, and this was braced in place and cust in situ 
when pouring the sternpost concrete. Here again, extra rods were added to provide 
additional strength before the fastening on of the mosh. 


With the reinforcing rods of the hull in place, the final step before laying 
the mesh was to weld to the pipe frames a series of lengths of 50 x 50 mm (2 x 2") angle 
iron. The purpose of this angle iron was threefold: firstly to provide a finishing 
line for the construction and casting of ferro-cement floors designed to reinforce and 
strongly tie together both sides of the hull} Secondly to provide fixation points for 
removable wooden planks which would provide the flooring in each compartment of the 
hulls thirdly to act initially as convenient supports on which to place the temporary 
planking which would be necessary during the process of meshing and plastering. It igs 
very important that supports be provided for workmen at this stage to avoid distortion 
of the hull during the plastering stage. Fig. 18 shows this angle iron in place. In 
the background can be seen the cut-away sections of the floors provided in the region 
of the engine bearers. Figs. 20, 21 and 23 show this in greater detail at later stages. 


a5 Tying of the mesh layers 


Mesh was fastened to the inside of the hull first. Four layers were laid from 
bulwark to keel vertically, and tied in place with just sufficient ties to hold the 
mesh taut against the reinforcing rods. The mesh used was in rolls of 45 m (450 ft) 
long by 0.9 m (3 ft) wide and this was cut to suitable lengths. Joins between adjacent 
widths were made by laps 75-100 mm (3-4") wide, care being taken to stagger the laps 
from one layer to the next so that at no place was there a build up of more than 
4 layers of mesh plus the additional layer of one lap. Too many layers concentrated at 
one place would cause an increase in thickness above the average, as well as making 
44 difficult to force the mortar through the accumulation of mesh layers. This inside 
mesh was wrapped Closely around the pipe frames and tightly tied in place, enclosing 
the pipe frames. Fig. 19 gives a close-up of a section of the hull with the four inner 
layers tied in place. 


Note that the spacing of the vertical rods to the right of the pipe frame in 
Fig. 19 is at 50 mm (2") centres instead of the usual 100 mm (4") centres. This 
close-up is of an area in the bow which has been given additional reinforcing to allow 
for the greater stress on the relatively flut sections in this area, when the vessel is 
driving into a head sea. 
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Detail of longitudinal rods tied to a pipe frame. 
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Fig. 10 View from the bow. 
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Welding a support brace 
from the head of a frame 
to the roof. 
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View of the after part of the hull with all frames in place, 
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Fig. 16 The sternpost area with 
wooden batten marking 
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Fig. 17 Close up of Fig. 16. 
Additional vertical rods 
were added later. 
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Fig. 19 The interior mesh in place. 


Note closer rod spacing towards 
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Fig. 20 Floors with vertical rods in place. 
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Pig. 21 Pushing the vertical rods 


through the inner mesh 
layers. 
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Fig. 22 and tying these rods into place. 
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Pig. 24 The reinforcing rods of avertical bulkhead. 





3.6 Floors and bulkheads 


When the inner layers of mesh were all tied in place work was started on the 
floors and bulkheads. For the floors, lengths of rod were bent in the form of a U to 
the desired width of floor 50, 75 or 100 mm (2, 3 or 4"), depending on location. The 
arms of the U are left longer than the desired depth of floor. These rods are then 
pushed through the layers of inside mesh with the arms allowed to protruds bayond the 
reinforcing rods. The arms are then bent back in line with the longitudinal 
reinforcing rods and tied to them with wire ties. Pig. 20 shows a generel view of 
these U shaped rods in place to form the floors in the region of the engine bearers, 
while Figs. 21 and 22 show close-ups of the U shaped rods being pushed through the 
inner layers of mesh from the inside, and the arms being bent back in line with the 
longitudinal rods outside. 


When this had been completed, transverse rods were tied in place and both sides 
of the floor thus formed covered with layers of mesh. Fig. 23 shows the completed 
floor in the region of the engine bearers. Note that the top of the floor was left 
open to allow the filling of the floor with mortar and the insertion of a vibrator to 
ensure complete penetration during the plastering stage. 


To allow drainage of bilge water, limber holes are left in the mesh and bamboo 
plugs inserted to prevent the holes being filled during the vibrating and rodding of 
the mortar. : 


Bulkheads were formed by pushing horizontal and vertical rods through the mesh 
layers and bending the ends back in line with the longitudinal rods, as had already 
been done with the floors. Fig. 24 shows the horizontal and vertical rods in place 
before covering with mesh, while in Fig. 25. a workman is tying off bulkhead rods on 
the outside of the hull. Fig. 26 shows combined floor and bulk rods noatly tied off 
on the exterior of the hull. Nots the pipe frame incorporated in the mesh layers. 


The transom frame had not been covered with rods until this stage to facilitate 
the passing of mesh, rod lengths and tools into the hull. The reinforcing rods for 
this were then tied in place, strengthening webs at the C/L and 1 m (33") to port and 
starboard were formed of rod, and the inside of the transom covered with mesh. Pig. 27 
shows the hull at this stage, with work ready to begin on the decks. 


3e/ Decks and hatches 


Longitudinal rods at 75 mm (3") centres were laid and tied to the deck beams. 
Transverse rods at 75 mm (3") centres were pushed through the mesh and tied on top 
of these longitudinal rods. Protruding ends of these rods were bent back and tied in 
place, as had been done for the bulkhead rods. 


To avoid a sharp corner at the join between deck and hull, curved sections of 
rod were tied in place to form a radius, as shown in Fig.28 . PFig.30 shows a general 
view of the deck rods in place, with hatch openings cut but before the formation of 
the reinforcing rod coamings. 


After the mesh on the underside of the deck had been tisd in place the upper 
layers were laid and tied. Fig. 29 shows a layer of square welded mesh being laid on 
the deck to form the side of a hatch coaming. 


At this stage lengths of 100 x 50 mm (4 x 2") channel iron were bent to the 
required deck curve, placed under the deck, and held in place by short lengths of rod 
welded to the deck reinforcement. The purpose of. this channel was to provides a quick, 
cheap and relatively light under-deck reinforcement, to which heavily strassed deck 
fittings such as the winch, truwl warp, lead blocks, etc., could be fastened by 
through bolting. 
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Fig. 28 


Fig. 29 
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Hammering the completed hull to smooth out 
irregularities. 





The final tasks in the preparation of the mesh reinforcement consisted of the 
fixing of the four outer layers of mesh on the hull. These layers were applied 
longitudinally from the stern forward and from the sheer down; laps being of a minimum 
of 75 mm (3") but with the layers being allowed to follow the curve of the hull | 
naturally without distortion. Due to changing curvature, this caused the overlap to 
increase from layer to layer. when this overlap became too great the mesh was cut and 
repositioned for a further run. | 


With all mesh in place and tied off against the rods, the whole reinforcing 
parcel was tied tightly together by wire ties at every reinforcing rod interseotion, 
both on the hull and deck = some 30,000 tiss in all. Ties bent in the shape of a U 
were pushed through the mesh parcel at each intersection by a team of workers, with a 
second group tying off the ends, cutting off the excess wire and bending the tied ends 
back neatly into the reinforcing. Great care was taken to avoid protruding ends of 
wire, as this would have resulted in rusting after plastering, as well as causing 
damage to the workers’ hands during the plastering process. 


When this stage was completed the hull was hard, and a blow with a wooden mallet 
only resulted in the mallet bouncing off the reinforcing without damage. To eliminate 
the small bumps and hollows caused by the tying of the mesh, the whole hull was 
smoothed by beating the mesh flat with a wooden block and mallet, as seen in Fig. 31. 
Note the smooth surface achieved in the area already covered, while bumps and hollows 
Gan still be seen in the lower right hand corner, which the workmen have not yet 


reached. 


3.8 Plastering 


The mixture used was that decided on as a result of the tests described in 
Section 2. The sand was sieved before plastering to sliminate larger particles and 
keep to the grading curva used in the test samples. All mixes were made by weight. 

As no paddle type mixer was available, mixing was done by hand. The dry ingredients 
were first weighed and then mixed in a conventional three blade mixer. They were then 
placed in one of three prepared plastering bays ready for the addition of the water and 
plasticising additive, which had previously been weighed and mixed together. Three 
mixing bays were used so that at times when considerable amounts of mortar were 
required by the plastering crew, three separate mixes could be in progress=one ready 
mixed and being carried to the plasterers by the carrying team, one being mixed, and 
one of dry ingredients placed in the bay, after weighing, ready for the mixers. In 
this way small batches of mortar could be prepared as required and a careful check 
kept on the correct mixing of all the ingredients. Batches based on 25 kg (55 lbs) of 
cement were prepared at one time. 


The plastering team consisted of three professional plasterers, (ail that were 
available; more would have.besn desirable if possible), some six workmen with ex~ 
perience of plastering, although not full-time professionals, and a mixing, carrying _ 
and mortar plucing team of 15 persons. Due to the lack of experience in the group in 
this type of work it was not felt possible to plaster the whole hull in one day, and 
2 wet or dry epoxy glue bad been obtained for jointing. | 


A bulkhead was first plastered as a demonstration of the method and to 
familiarize the team with the technique. The keel was then poured, and complete 
penetration obtained by the use of a pencil vibrator as seen in Fig. 32. Penstration 
of the mortar through the mesh to the outside of the hull is seen in Fig. 33. The 
next stage was to vibrate the mortar mixtire into the join between deck and hull. 
Penetration into this radiused area is difficult to achieve by hand, and the vibrator 
is a very useful tool in such areas. Fig.34 shows the vibrator being used along the 
deck line inside the bulwarks, and in Fig.35 a plasterer is checking for complete 
penetration, and smoothing off the excess mortar with a wooden float, 
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Fig. 33 Complete penetration of the mortarin the keel area. 
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Fig. 34 





off the excess mortar as it is forced 


through the mesh by the vibrator. 


Smoothing 





The vibrator was also used along the pipe frames which were the next area of 
mesh to be filled, care being taken in all cases not to over-vibrate, causing separation 
of the mortar. When asection of two frame bays on both sides of the boat hxd been 
completed, with full penetration achieved along the deck edge and down the frames, 
then the team of hand workers followed fillings in the mesh between the frames with 
mortar, applied by a gloved hand, as seen in Fig. 36. Fig. 37 shows the same operation 
taking place ona bulkhead. A team mate on the opposite side checks the mesh for 
complete penetration of the mortar and advises the mortur applier where voids exist. 


When the mesh has been completely filled, excess mortar is scruped off and the 
workers move on to the next section. The completed section was left for a period of 
thirty minutes to one hour before the professional plasterers followed on with wooden 
float and steel trowel, smoothing out the surface and bringing the mortar cover over 
the mesh to a final thickness of about 3 am (4/8"), 28 seen in Fig.38. 


Supervision of the plastering process by qualified foremen and conscientious 
work by the plastering team are vital if voids are to be avoided. This is the stage of 
the construction which requires the greatest degree of skill and supervision as a hull 
can be ruined by careless work. 


It was not possible, with the work force available, to complete the whole hull 
in ona operation, and two vertical joins in the hull were necessary. At the end of 
one day's work the plasterers finished off to a jointing edge and the next morning a 
coat of wet to dry epoxy glue was applied to the joint, before continuing with the 
plastering process. In practice these joints proved perfectly satisfactory and no 
weeping or spalling off of mortar has occurred. 


Decks and bulkheads were plastered in the same manner and hull decks, bulkheads 
and bulwarks were completed in five working days. With more experience in the method, 
speed of operations could be increased and this time could probably be reduced to a 
maximum of three working days. 


369 Curing and painting 


Curing of the hull was controlled by the use of water sprays. The easiest way 
of doing this is by the use of perforated pipes connected to a water supply but, in 
this case, water pressure at the fisheries station was inadequate for the use of this 
method. Spraying was therefore carried out using several portable spray pumps of the 
type used for the spraying of fruit trees with insecticide. This proved a satisfactory, 

if rather laborious, method of keeping the hull continually damp. 


The completed sections were allowed to set for a period of twelve hours before 
spraying was begun and continued for a period of fifteen days, by which time the 
mortar was considered to be sufficiently cured to allow the curing process to continua 
naturally without risk of shrinkage and consequent cracking. As the hull and deck 
were plastered in sections, care had to be taken that water from the spraying could not 
interfare with the setting of the freshly placed mortar. Then as the work proceeded 
each completed section was, after its twelve hour initial set, included in the 
apraying until finally the whole hull was being sprayed at twenty to thirty minute 
intervals a day. Tarpaulins were hung to keep wind and sun from the completed hull 
during this curing process. 


ee the curing process was Sapieten a check was mude for voids in the shell, 
which could occur due to faulty plastering techniques. The whole of the hull was 
sounded by tapping with a light hammer on tho mortar and an area containing an air 
pocket under the surface was easily recognizable. Sevarul voids were found and these 
were filled by breaking away the thin surface coating, cleuning out dust and particles 
of broken mortar and tien replustering with a mortar to which had been added a vinyl 
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mesh by hand from the 
outside, 
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Fig. 37 Plastering a bulkhead 
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polymer bonding agent. In areas where long voids might occur, such as along a stem or 
keel, it would also be possible to drill holes into the void and pump in a thin grout 
until the mixture could be seen to have completely penetrated the void. 


After the hull was cured a month slupsed before painting was begun, to allow the 
Maximum amount of moisture to ascape before sealing the hull. Some rubbing down of 
minor imperfections was done by hand and ea few ties which had been left too close to 
the surface wore dug out and cut back and the holes plugged with spoxy filler, but 
excessive grinding of the hull was avoided as this would have exposed mesh on the 
surface with later problems of rusting. 


The hull above the waterline was given one coat of clear epoxy priming and then 
threes Coats of epoxy gloss paint. The firat coat of epoxy paint ig seen being applieu 
over the clear primer in Fig. 39. The hull below the waterline was painted with a tar 
epoxy compound and then given one coat of antifouling. The finished result is seen in 
Fig. 40. The inside of the bilges was also coated with a dieselmoil resistant tare | 
epoxy coating to prevent attack of the concrete surfaces by spilt fuel. The inside of 
the hull was painted with three different coatings by way of experiment: an epoxy 
based paint, an ordinary oil based marine coating and a white cement (of the type used 
by plasterers. 


3.10 Fish bold insulation 


TInguletion of the fish hold was a relatively simple process. Lengths of 
6 mm (1/4") steel rod welded to the reinforcing of hull, deck and bulkheads had been 
Left protruding from the inner surfaces of the fish hold. Sheets of styrofoam were 
glued to the hull, deck and bulkhead surfaces as seen in Fig. 41, and the protruding 
lengths of rod used as welding points for a light framework of reinforcing rods. Two 
layers of mesh were then tied to these rods as seen in Fig. 42 and then the surfaces 
plastered in the same manner aa the hull, see Fig. 43. 


The fish hold floor and sides of the shaft tunnel were formed by laying a rough 
Sain 1/2" wooden flooring on top of the concrete floors, covering this with a vapour 
barrier of tar paper, then styrofoam and then rods, mesh and plaster. The shaft tunnel 
top was covered by removable wooden hatches with styrofoam insulation incorporated. 


3.11 Engine installation 


After curing and before painting the engine was installed in the hull, the 
bearers hed been prepared with 15 mm (5/8") ) steel bolts embedded in the conerets and 
400 x 100 mm (4 x Ai) wooden bearers were bolted down on top of the concrete bearers. 
Tha purpose of the wooden bearers was to assist in the absorption of engine vibration 
and simplify the lining up of the engine and shaft. 


Fig. 44 shows the engine in position on its bearers. The transverse floors can 
clearly be seengas can the longitudinal wooden bearers in the lower foreground. The 
wooden battens seen bolted to the 2" x 2" angle iron are supports for the movable 
wooden flooring in the engine room. 


3212 Fitting out 


A. wide rubbing strake and rail cap were fitted by bolting through the F/C hull. 
Holes were drilled with masonry drills and bolt holes sealed with grommets of caulking 
cotton, soaked in caulking compound both on the outside and inside of the hull. As an 
extra precaution against leakage, the nuts and washers inside the hull were scaled 
with an epoxy filler and bonding agent. 


At this stage the hull was launched, and Figs. 45 and 46 show the launching 
process and the hull after launching. No leakage or damp spots were found and the 
bilges remained completely dry. 
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Fig. 40 Painting completed. 
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Fige 41 Styrofoam insulation 
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Pigs 43 Plastering the interior of the fish holds 
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Fig. 44 The angine in place on ita bearers. 
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Fig. 45 The launching. 
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Pig. 46 The hull afloat immediately after launching. 





Hatch coamings had been formed of ferro=cement as already described but, again, 
ao a means of Gomparing one method with another no coaming had been made for the deck 
house gill. Instead, a wooden sill was bolted directly to the F/C deck with a layer 
of Ganvas impregnated with Saulking compound between P/G ana wood.e The wooden deck 
house was then constructed on this sill in the conventional way. Although this method 
did prove watertight, it was not felt that any considerable labour saving had been 
achieved and that in the long run the F/C coaming would prove to be the better solution, 


Pigs. 47 and 48 show views of the vessel during fitting out. The deck house ig 
completed, the trawl winch installed and the drum for hauling the trawl net ig almost 
completed. Note the stem roller, to aid in the trawl, and the wooden chafing strips 
bolted to the bulwarks aft between rubbing strake and rail. These are intended to 
protect the F/C bulwarks from damage by the steeleshod trawl doors as they are being 
brought aboard. 


Fig. 47 shows the off-centre trawl winch, fish hold hatch, mast and foundation 
for the trawl warp guide blocks which lead the trawl warpa from the winch to the foot 
of the gallows. The winch and guide block foundations are through bolted to connect 
with the channel iron girders previously placed under the deck. In this way the 
considerable loads which may occur, for example when the trawl is caught in a fastener, 
are distributed over a large surface area. 


Tas wooden mast is stepped in a steel foundation bolted to the deck, compression 
loads being taken by the engine room bulkhead and the forward pair of fish hold 
stanchions. 


In Pig. 49 the vessel has taken the ground at low water, and a general view of 
the hull and superstructure can be seen. Later additions included trawl gallows, trawl 
blocks, boom and support and all the minor details of fitting out which go to complete 
a fishing vessel. Because of the risk of impact damage to the hull from steel shod 
tyawl doors, the trawl gallows were specially designed to be extended overside during 
fishing operations, but retracted in port to avoid damage when alongside other vessels. 
Fig. 50 shows one of the gallows in the retracted position, while in Pig. 51 it has 
béen pivoted overside. In the latter position the door can be brought up clear of the 
hull to the rubbing strake, and the chafing strips from rubbing strake to rail prevent 
damage above this point. 


3013 Hull repaira 


During the final fitting out for trials, the vessel was lying at anchor when an 
accident occurred, which gave an opportunity to demonstrate the eases of repair of a 
ferro-cement hull. During a manoeuver at night, an 18 m wooden fishing vessel going 
astern to clear a dock struck the forward section of the vessel with considerable force, 
The point of impact was about 0.6 m (2 f%) aft of the bow and about 0.75 m (2.5 ft) 
above the waterline. The damage seen in Fig. 52 was caused by the transom corner of 
the heavy wooden rubbing strake used on this type of vessel and, as can be seen, the 
jmpact cauged an indentation in the surface of about 230 mm (gj Long by 5-7 cm 
(2—m2%) wide and about 9 mm (3/8") deep. Some spalling of the interior mortar also 
eccurred as seen in Pig. 53, but the only evidence of damage in the region of the 
internal layers of wire mesh were two fine hair cracks, which, if the accident had 
occurred below the waterline, mighthave allowed a slight seepage of water into the bull; 
but nothing serious and well within the capacity of the average bilgs pump. 


Repair took a total time of two hours for ons man and consisted, as shown in 
Pigs. 54 and 55, of chipping away the damaged mortar with hammer and cold chigel, 
bending the mesh back into place, clearing dust and debris from the area and 
replastering with a special quick setting underwater cement, patching and bonding 
compound. The same result could also have been achieved with ordinary mortar and a wet 
to dry epoxy adhesive to ensure a good bond. 
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Fig. AT Fitting out. The inetallation of the trawl winch. 
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The trawl drum and stern roller 


Fitting out. 
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4. TRIALS 


Trials were carried out off Samet island, Rayong Province, and results of rung 
over the measured mile are given in Table 1. Top speed at maximum rpm of 2,000 was 
9.2 knots, and 8.8 knots was obtained at 1,800 rpm with a considerable saving in fuel 
consumption — the difference in consumption for a speed increase of 0.4 knots being 
12.8 litres!$! At 90%. fuel tank capacity, 1,800 rpm would give a steaming range of 
approximately 1,000 nautical miles. Pig. 56 shows the vessel under way during a run 
at 1,800 rpm over the measured mile. 


The inclining experiment was conducted at dock side, with mooring lines 
Slackened, and tanks empty. A weight of 800 kilos was moved from the ¢ to the 
starboard side, and the deflection of a pendulum 1.37 metres in length was measured. 
The weight was then transferred to the port side and the deflection was again measured. 





Total distance of transfer of weight = d= 4.45 metres 
Weight transferred = W= 800 kilos . 
Total deflection of pendulum = OQ, 19 metres 
Displacement of ship at time of measurement = 37,000 kilos = 4 
GMy rs Wxd = Wxd 

£s x tanO 4\ x pendulum deflection 


length of pendulum 
where © = angle of deflection 


GM, (measured) we 800 x 4.45 | 
37,000 x ey - 0.693 metres 


GM (calculated) - 0.72 metres 


The period of roll was measured at anchor in a cross swell. Ten consecutive 
rolls were measured and.the result averaged to give a rolling period of 4.8 Secs. The 
relationship between roll period and the moment of nertie of the ship, and the water 
moving with it, can be written as | 


elt. K 
VeeTr 
In the metric system: 
: (ke 2 
Tr 
From GM, = 0.69 metres taken from the inclining experiment k = 0.88. 


In the foot system: 


1108 a.B ) 2 
GM = (ELE. 


which gives the m value 0.44. 


(B is the Beam of the vessel) 


Trials of the fishing gear were also carried out further offshore in winds of 
force 4, with a westerly swell and wave height of about 1.5 m (5 ft). Pig. 57 shows 
the use of the trawl drum for taking in the trawl net. The doors were hauled up to 
the gallows and secured in the usual way. Strops fastened to the trawl drum were then 
clipped to the bridles with the aid of G@ links. The warps were then slackened until 
the weight of the trawl was taken on the drum. With the rope drive from the port 
warping head of the trawl winch powering the drum, the strops were hauled in until the 
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Fig. 56 On trial run at 1,800 rpm. 
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Fig. 57 The net being rolled on the drum. 
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trawl warp could be unclipped by the aid of their G links. The bridles were then 
spooled onto the drum, and hauling continued to bring the main body of the net up over 
the stern roller and on to the drum, with two men in the stern helping to spool the 
net evenly. With the main body of the net on the drum, sufficient slack was left in 
the water to enable the cod end to be brought around to the Bvarbeard side, where it 
was lifted aboard with the aid of the main boom, 


‘All Thai fishing boats are fitted with large bilge keels and this, combined 
with the narrow beam and low stability, tends to give a very slow period of roll. It 
was felt that, for conditions of safety in operation, the stability of the ?/C vessel 
should be Considerably higher than that normally found on the traditional fishing 
vessels. In fuct, the stutical stability found from the inclining experiment doas 
fulfil the Rahola Criterium for stability. However, because of the greater stability 
(and hence greater safety), the period of roll during the trials was quicker and due 
to the easy curves given to the bilge radius, for reasons already mentioned above, the 
amplitude of roll was also greuter. The possibility of fitting bilge keels had been 
considered during the design stage, but due to the experimental nature of this vessel, 
and the frequent damage to bilge keels suffered by Thai fishing vessels, it was 
decided not to fit them to this prototype hull. Instead, plate stubilizers of the 
type used by Facific West Coast shrimp trawlers were constructed. The booms used to 
suspend the stabilizers were adapted for the purpose from a pair of steel shrimp 
trawl booms, and the rig can be seen with the stabilizers in the water in Fiz. 538. 


The reduction in amplitude of roll when the stabilizers were in use was 
considerable and estimated to be about 50% of the greatest amplitude, when averaged 
over a series of consecutive rolls. The stubilizers were also towed ovar the measured 
mile (in calm water) to measure the decrease in speed likely to be expected. The 
results are shown in Table 1, and indicate thatsat an rpm of 1 » 200, the free running 
speed of 6.5 knots was reduced by 0.7 knots, or approximately 10%. At an rpm of 1,800 
the reduction of speed was 0.6 knots on 8.8 knots, or 6.8%. In rough water the 
percentage loss of spsed is likely to be even less when using the stubilizers, because 
the loss of speed due to rolling has also to be taken into account. Speed losses due 
to bilge keels are probably comparables, und it would be most interesting to have 
comparative tests made with two identical boats, one with bilge keels and one with 
atabilizers. 


Trial results of the stabilizers were most successful, and even better results 
could be obtained using lighter booms specially designed for the purpose. The heels 
of such booms could be pivoted at deck level outside the bulwarks, thus lowering the 
centre of gravity of the extra gear and reducing even further the amount of roll. 


From the results of the trials the following conclusions can be drawn: 


1. The speed achieved by the vessel was satisfactory and compared most favourably 
with equivalent Thai fishing vessels. The stern wave was not large and 
economical ranning at 8.8 knots was achieved at 1,800 rpm. 


2 Manoeuvrability trials showed that the vessel was easily handled.- 


36 Some improvement in performance could be expected by small changes in hull 
shape, a harder turn to the bilge would help in the reduction of roll and more 
flare in the topsides forward would increase the buoyancy and reduce pitching. 


4. Plate stubilizers are a very effective method of reducing rolling in a croas 
pea and the loss of speed due to the stabilizers is not excesgive, 


be Trials of the fishing gear indicated that the vessel could be operated with a 
small crew, contact being easily maintained between wheel, winch and working 
deck. The rope driven trawl drum functioned well and considerable reduction in 
labour could be achieved by its use. Crews would of course need to be trained 
in the mathod to obtain the maximum benefit. | | 





5. COST ANALYSIS 


The normal practice in fishing boat construction in Thailand is for the builder 
to quote a price for the construction of hull, deck, fish hold insulation, super~ 
structure, mast and rigging. The owner then completes purchase of engine and 
accessories, fishing gear and deck equipment and either arranges installation himself,. 
by a separate contractor or by the builder, who then makes an additional quotation 9 
for this work. ie ce 


In order to provide comparison between a local wooden fishing boat and ferro= 
cement construction, the cost analysis is arranged in this way, with cost, less profit, 
given in sub-total A, under 5.1. To compare with costs in other parts of the world, 
labour overheads and profit percentages are added. Profits and overheads in Thailand 
are not normally calculated in this manner and allowance for local practice should be 
made when making a direct comparison. 


5 Major items and their costs 


Ltem Cost in Baht Total 
(US dollars in brackets) 


Materials 


Hull, deck, fish hold insulation, 
wooden rubbing strakes and rail caps 40,170 (1,931) 


Wooden deck house, mast, boom 
and rigging | — 45,660 ( 750) 


Paint, sealing and bonding 
materials incl. epoxy enamel and 
primer, sealing and bonding 
compounds, tar-epoxy underwater 





coating, antifouling 9,150 ( 440) 
Labour 
Labour costs for above items 59,340 (2,853) 


Sub total A, complete hull 


excl. overheads and profit 124, 320 (5,977) 
Labour and yard overheads | 

at, say, 75% of labour cost 44,500 (2,140) 
Yard profit at, sayy 15% 25,320 (1,217) 





Sub total B, hull cost with 
overheads and profit 194,140 (9,334) 


48 ae | FIIV/T 


Item Cost in Baht | Total 


(US dollars in brackets) 


c/f 194,140 ( 9,334) 





Powering of vessel and equipment 


Engine + accassories, 
incl. alternator and batteries 210,000 (10,096) 


Engine installation incl. stern 
gear, fuel tanks, steering 


controle, etc. 23,600 ( 1,135) 
Blectrical installation, wiring 1,940 (- 93) 
Deck fittings, winch, gallows, trawl 
drum etc. | 68,500 ( 3,293) 
Gen. equipment, incl. anchors, Warps, 
bedding, etc. 3,900 ( 140) 


=P A P< 


- Sub total C, cost of powering and 


equipping the vessel | 307,940 (14,757) 





Total cost of vessel equipped and ready 
for sea, excl. nets and trawl warps 502,080 (24,091) 
cr 


5.2 Detailed analyeis of material quantities and costs 


Quantities of materials used are given as @ guide for the preparation of 
estimates. Cost of materials in Thailand is included but should not be used in 
costing in other countries, because of possible variation in prices. 


Material ts Quantities Cost in Baht 
(20.8 Bt. = 1US$) 


Steel reinforcenent 





Galvanized hexagonal wire mesh 


19 gauge 38 rolls 45 x 0.9 mo 

Galvanized square welded mesh 16,750 
19 gaugrs 10 rolls 45 x 0.9 m | 
1/4" mild steel rod to S541 5,350 m 3,730 
18 gauge goft iron tie wire — 200° ke 870 
Angle iron 1 $" x1 3" x 3/16" 72 m 456 
Channel iron 4" x 2" x 7.09 24 m 

3" x 1 £" x 4.60 12 a ae 
3/4" ID ateol pipe for framing 500 m 
and supporting | 3,200 
4 + ID sveel pipe for keel and stem 25 m 600 
Steel for rudder skeg 1.20 x 30 x 12 ma 600 


Welding costs 3,010 





Material 


Mortar 


Cement Portland type 11 


vand 
Plasticising additive, Plastet No.2. 


Bonding agent for jointing 
Paint, bonding agents, etc. 


Hpoxy semi~gloss enamel with undercoat 
Tar~epoxy 

Thinners 

Antifouling 

Oil based paint for woodwork 

Bpoxy glus 


fish hold insulation 


Styrofoam 4' x 2* x 2" 
4* x 2 x» 3" 


Latex glue for bonding foam to F/C 
Wood 


Rubbing strakes, rail caps, deckhouse, 
construction, mast, interior joinery, etc. 


Plywood for lining of deckhouse 8! x 4 x 6 mm 
Rigging 
Steel pipe for boom 


Wire rope for stays 


Rigging screws, shackles, eto. 
Miscellaneous items 


Window glass — 


Window and door fittings 


Canvas for covering house top 


Fastenings, including bolts of 


various sizes, wood screws and nails various 
Notes 
1. The quantity of cement used was greater than anticipated. 


Quantitios 


7 tons 
8 m3 

35 litres 
1 gallon 


60 litres 
32 litres 
20 litres 
10 litres 
10 litres 
2 kg 


35 sheets 
42 sheets 


2 gallons 


419 mn 
10 sheets 


6 m, diam 4" 
50 my, diam 3/8" 
5—- diam $” 


2 m of 6 mm 
thickneas 


various 


20 m& 
10 of weight 


3,500 
400 
24500 


495 


3, 600 
2,250 
400 
1,350 
1,656 
700 


2) 280 
627 


9,620 
920 


D40 
172 
215 


450 
259 


125 


Cost in Baht 


(20.8 Bto ce {US$} 


25760 


Considerable 


wastage 


occurred, but it was felt that this could be much reduced as the workers acquired 


experience of working in F/C. 
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Ce The paint used was mainly epoxy. This was chosen for its good bonding prorerties 
With concrete. However, if it is desired to reduce costs, experience in other 
countries has shown that ordinary marine paints can also be used successfully. 


3% No attempt has been made to itemize costs and materials for engine installation 
and deck equipment, as these vary considerably from boat to boat and with type of 
engine chosen. | 


ere, Cost estimating 


Due to the homogenous construction of a ferro-cement hull, the best method of 
cost estimation is to base on a measure of surface area, (cubic feet in the foot 
system or cubic metres in the metric system). By estimating the quantities of 
material necessary for one square metre (foot) of surface, plus the amount of labour 
needed to produce a similar surface, a fairly accurate approximation of the cost of a 
range of hull sizes can be found. 


Fairly early in the design stage of a new hull it is possible to make an 
estimation of the surface area of hull anddeck. From this can be derived the cost of 
construction of the complete hull. Cost of engine installation, deck equipment, etc., 
being basically the same, regardless of hull material, it is then possible from cost 
data to arrive at an accurate estimate of the cost of the fully equipped vessel. 


The total material cost of hull, deck and fish hold of the 16 metre F/C vessel 
from Section 5.1 is 49,330 Baht. The surface area of hull, bulkheads and deck is 
480 m2 (1,938 ft¢). Therefore: 7 


Material cost per me = 274 Baht ($13.18 
Material cost per ft*= 23.7 Baht ($1.14 


The total man hours of labour required to complete a hull of this siza is 
estimated at 4,000. This estimate is based on the experience obtained in the 
construction of the prototype, allowance being made for increased time due to lack of 
experience of the work force in this type of construction, and also to the fact that 
labour was provided by the staff of the fisheries station when they could be spared 
from normal day-to-day work. ifluch more efficient utilization of labour could be 
expected in a commercial boatyard geared to this type of construction. 


For a construction time of 4,000 man hours anda total surface area of 180 m2 ¢- 


Construction time per m° = 22.2 man hours 
Construction time per Fte= 2.06 man hours 


These cost figures apply only to the cost of the ferro-cement hull and fish hold 
and do not include the cost of wooden deckhouss, mast and rigging, which would need to 
be applied at standard rates to arrive at the cost of the basic fishing boat hull as 
quoted by a Thai boat builder. 


As an example of comparative costs, it is not sufficiently accurate to compare 
the cost of the 16 metre r/C stern trawler with the cost of a traditional Thai 
fishing vessel of the same length in wood. Due to differences in beam and depth the 
cubic capacity will vary considerably. One way to make a comparison of costs at 
varying boat sizes is by calculating the cubic number of each vessel and adjusting 
costs accordinyly. However, a more accurate method in this case is to obtain the 
square meterage of hull and deck surface area and apply the unit costs calculated 
above. 


Taking the 18 metre traditional trawler, hull surface area, including bulkheads, 
is 97.3 sq metres. Deck erea, minus openings, is 40.7 sq metres. Therefore, the © 











total area Of - bull ‘and deok = 138 aq matres. As can be sean, then, due to the 
appreciably narrowar beam and smaller depth of the traditional vessel, the total ‘hull 
and deck surface area of an 18 metre LOA traditional trawler will be less than that of 
the 16 metre R/o trawler. 


calculating the huis cost on this basis: ~ 


# 


37,800 Baht . | 
3,060 man hours 


case of paveiene = 1386 x 274 
Total Labour — = 1438 x 22.2 
Total labour cost at an average oF. 
5 Bt per hour @ 45,300 — 
Yard overhead at 19% of labour = 41,450 


# 





oY Prokit, at 15 7 9689 
Totals | hull and degk | 28 830 
RAMEICHAL Teeaar 1h DS Based 4o-eketve Ot the | | 
standard hull price normally quoted have been 
taken from actual prices quoted by local 
builders and inolude | materials, labour and profit. 
‘Deckhouge | : ; | 13,000 
Mast + fittings — | —s 1, 780 
fudder, stock and tube | | Ss —  £,500 
Total to be compared with standard auld | 91,110 


| A. dtandard traditional hull cost is generally quoted by the builder as a price 
per metre, leagth (LOK). Prices range from 5, 500 Baht per metre in Rayong, the cheapest 

building area in Thailand to 6; 000 or 6,500 Buht in some of the other centres. This 

gives a price range for a traditional 18 metre LOA vessel of between 99,000 and 

117,000 Baht, and these prices are rising due to the increasing scarcity, and hence 

higher cost, of good boatbuilding timber. Bused on these figures it is possible to 

quote an eauAvelent B/C. huli as between 9 and 22% cheaper than =e wooden counterpart. 


These figures only opEty of course to Thailand, but ‘py using the material 
quantities given in Section 5.2 at local prices, it is then possible to arrive at a 
material cost per. square metre (or square foot) in any given country. Similarly, using 
the average wage rate of the country in question (allowing fora certain proportion of 
higher skilled labour for welding and plastering): a labour cost per square metre (or 
square foot) Gan also be arrived at. These two figures can then be used to satimate 
the cost of the basic ¥/¢ 





6. CONCLUSIONS 


The general ‘coneluaion te be drawn fron the construotion of this prototype 
vessel is that, given expert supervision, the building of R/C fishing vessela of a 
good standard is prefectly possible in a developing country. The advantages of low 
capital cost:for yard equipment, a high proportion of unskilled labour and lower bul). 
costs than are neoded for equivalent wooden vessels, have all been borne out in 
practice. Not all the ideas tried out and the methods used in the construction of this 
vessel wera completoly sautiafactory, and it is of advantage to look at the lassons 
Learnt eurang: the courses of construction in order to prone from the experience gained. 


With a evecare ones thin shell structure puch aa fibre glass reinforced plastic 
or ferro-cement ‘it would seem logical to uge the ship‘’s hull and bulkheads as walla of 
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tank space, merely edding the necessary interior surfaces to complete the tanks. The 
storage of diesel fuel in ferro-cement tanks poses a. special problem, as diesel oil 
attacks concrete and cement mortars, and the interior of tanks must be coated with 
epoxy or diesel resistant tar epoxy tunk coatings. 


The possible advantages of increased capacity, due to the built-in nature of the 
tanks and the low cost of construction, made this seem sufficiently attractive to be 
worth the experiment, and such tanks were incorporated in the design. During the 
course of construction it was however found that the amount of extra labour involved 
in fitting the reinforcement, bending the mesh around the many extra interior curves, 
and the difficulty of forcing the mortar into the cormers where the tank joined the 
hull, together with the cramped working conditions inside the tank space, made the 
process uneconomic when compared to the construction of conventional steel tanks. 


In addition, when the tanks were tested it was found that slow weepage occurred 
from the tank to the inside of the hull; no doubt due to the difficulty of ensuring 
that complete penetration of the mesh had been achieved at awkward joints between 
tank face and hull surface. It ia worth noting that no weepage occurred on the 
outside of the hull, only from the surface of the interior tank face. This leakage 
could also be attributed to the possibility of seepage along the pipe frames where 
these passed through the tank face. Because of the destructive nature of diesel oil 
in contact with cement mortar, it was therefore decided not to continue with this 
experimeiat, and the built-in tanks were replaced with steel tanks. 


In contrast to this, the insulation of tne fish hold by the incorporation of 
styrofoam shests glued directly to the hull, with a further layer of mesh and mortar 
applied on the inside, proved most succeasful. Due to the absence of frames, this 
resulted in a fish hold of greater capacity than that possible with wooden construction 
and with the extra advantage of a smooth, easily cleaned, fish hold lining. However, 
the heat transfer through ferro-cement in a tropical climate was found to be 
considerably greater than that of wood, and allowance should be made at the design 
stage for foam insulation of a thickness of at least one and a half times that 
normally used in an equivalent wooden hull. 


Noise trunsfer could also prove a problem where below deck accommodation is 
planned to be located adjacent to the engine rcom. This can, however, be readily 
overcome if provision is made for a sound insulating material to be fixed to the 
bulkheads and under deck. Fixing of such material to a ferro-cement surface can 
normally be quickly and easily accomplished by gluing with a suitable adhesive. 
Coamings for the deckhouse of this vessel were of wood, bolted through the ferro-cement 
deck. Hatch coamings, by contrast, were constructed of upstanda of ferro~cement. It 
is considered that the latter method is preferable and should also be used for 
deckhouse coamings in further construction. 


Wooden rubbing strakes for this vessel were through bolted to the hull... The 
bull was drilled for bolts with special concrete drills, but although this method 
proved successful it was time consuming and, in further construction, bolt holes 
should be located and plugs fitted before Plastering. In series production of a 
standard vessel considerable time can be saved by plastering around plugs which, when 
removed, leave the bolt holes correctly positioned. The bast method of doing this 
Was foand to be by the use of scrap round iron bar of the same diameter as the bolt 
required. This was then covered with a layer of paper and fixed in the correct 
position in the mesh. After plastering the iron bar can be easily removed and the 
paper cleaned out, leaving a hole slightly larger than the bolt, which is then asaled 
in place by the use of Caulking compound smeared on the bolt, and used liberally with 
a grommet of caulking cotton both under washer and head of bolt. 


It should be emphasized that the most important process in the construction and 
the one requiring the most care in workmanship, together with meticulous supervision, 
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is the application of the mortar to the mesh reinforcement. Despite the greatest care, 
some smnll voids may occur, but if these are located and treated as described in 
Section 3.9 a strong watertight hull will result. Proof of this is demonstrated by the 
46 metre F/C vessel which, with a well constructed hull, and with only one coat of a 
tar epoxy coating and one of antifouling on the bottom, showed absolutely no sign of 
leakage or dampness in any part of the bull. 


From a strength point of view, the main disedvantage of an F/C hull is the resistance 
to point impact loads ~ this is liable to be lower than that of an equivalent wooden 
vessel. As this type of impact is likely to be of frequent occurrence in crowded 
fishing harbours in developing countries, investigation into possible methods of 
improving impact resistance should be made. in addition, large, well placed rubbing 
strakes at deck level and rail cap with the type of protection of bulwarks used on the 
{6 metre vessel in the region of the trawl doors could be carried right around the hull 
to minimize risk of damage. 


Much has been written and claimed by some builders on the importance of a 
special secret formula for the mortar mixture. It is considered that the importance 
given to the mixture has been over-rated. Any correctly proportioned mix with a 
suitable sulphate resistant cement and a well graded sand or crushed aggregate, 
together with commercially available additives to reduce water contact and improve 
workability, should provide a suitable mix with adequate strength properties for boat 
construction. 


The use of pozzolans has also been given an almost mystical importance by some 
writers. The main purpose of the pozzolans, apart rrom reducing the quantity and hence 
cost of cement, (a minor consideration in ths quantities used in boat construction), is 
to provide an increased sulphate resistance to the final mixture. If a pozzolan is not 
readily available, the same effect can also be obtained by using a suitable cement with 
sulphate resistant properties - a Portland type 5 for example. 


What will have a much more significant effect on strength, ils the correct choice 
of reinforcement and the choice of a suitable weight of steel per unit weight of ferro- 
cement. The results of tests carried out by the Applied Scientific Research Corporation 
of Thailand and others indicate that welded syuare mesh, for @rample, will give higher 
strength values for an equivalent weight of steel than will hexagonal wire mesh with, 
however, more difficulty in "wrapping" the mesh around compound curves and more care 
needed in avoiding excessive thickness buildeup in the laps. 


The choice of weight of steel reinforcements per unit weight of ferre-cement 
should be considered as a design problem which must be solved in accordance with the 
stresses likely to be encountered in the particular hull under consideration. An 
example of this is the use of a greater weight of steel in the flatter sections of the 
forebody of the 16 metre #/C hull. This area of the forebody is subject to greater 
stresses than the midship sections of the hull; the maximum dynamic loadsa being of the 
order of twice those amidships. In addition, experiments carried out by the Technical 
University of Norway and Det Norske Veritas on bending moments of different frame 
configurations have shown that maximum moments of frames where the straight part is 
relatively long are much greater than those with considerable curvature. <Acocordingly, 
jt would appear logical to design for greater strausses by increasing the steel 
concentration in critical areas. 


For future design work, test results on F/U panels should be applied to the 
preparation of a stundard specification in which # definite weight of steel reinforce- 
ment can be specified for any required design sitiess, 
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